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Background: Novel chemical molecules recovered from endangered medicinal plants have wide applications and
have the potential to cure different diseases caused by microorganisms. The aim of this study was to investigate In
vitro antimicrobial, α-glucosidase inhibition and antioxidant activity of different solvent extracts of Epaltes divaricata L.
Methods: Antimicrobial activity of hexane, ethyl acetate and methanol extract of Epaltes divaricata was determined
against bacteria and fungi using disc diffusion and microdilution method respectively. α-glucosidase inhibition, Total
phenolic content (TPC), Reducing power activity, DPPH radical scavenging assay, hydroxyl radical scavenging
activity, nitric oxide scavenging activity, superoxide scavenging activity and lipid peroxidation assay of plant
extracts were performed according to standard protocol. Compound detection from the potential solvent extract
was done through GC-MS analysis.
Results: Epaltes divaricata ethyl acetate extracts (EDEa) (1.25 mg/disc) showed significant inhibition for E. lentum
(23 mm), E. aerogenes (18 mm), P. fluorescence (15 mm) and A. baumanii (15 mm). Minimum inhibitory
concentration (MIC) of EDEa was found to be 31.25 μg/ml, 62.5 μg/ml and 62.5 μg/ml against A. flavus, A. niger
and T. rubrum respectively. EDEa showed more α-glucosidase inhibition and antioxidant activity compared to
hexane and methanol. EDEa showed 50% α-glucosidase inhibition at the concentration of 525.20 ± 2.37 μg/ml.
The TPC of EDEa was 412.0 ± 2.21 mg of catechol equivalents/g extract. EDEa showed great scavenging activity
on 2,2-diphenyl-picrylhydrazyl (DPPH) (IC50 560 ± 2.02 μg/ml), hydroxyl (IC50 314.75 ± 2.56 μg/ml), nitric oxide
(IC50 648.20 ± 2.09 μg/ml) and superoxide (IC50 361.14 ± 1.45 μg/ml) radicals, as well as high reducing power.
EDEa also showed a more suppressive effect on lipid peroxidation. Using Antioxidant β-carotene linoleate
method, the scavenging values of EDEa was significantly lower than BHT. GC-MS analysis of EDEa showed maximum
amount of 2-butenamide, N-(4-fluorophenyl)-3-methyl trans-cinnamyl tiglate silane and trichlorocyclohexyl silane (36.86%).
Conclusion: The results obtained in this study clearly indicate that EDEa can be used as a natural antimicrobial,
α-glucosidase inhibition and antioxidant agent.
Keywords: Antimicrobial activity, α-glucosidase inhibition, Antioxidants activity, Epaltes divaricata, GC-MS analysisBackground
Epaltes divaricata (L.) (Family: Compositae), a plant
used in traditional Ayurvedic medicine, is found in Sri
Lanka, India, Myanmar, Java and China. It is used to
alleviate jaundice, urethral discharges and acute dyspep-
sia, and is also regarded as a diaphoretic, diuretic and a
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unless otherwise stated.marked rise in scientific interest in the pharmacological
activities of medicinal plants, particularly in relation to
folklore medicine [1]. In recent years, methicillin and
multiple antibiotic drug resistant strains of Staphylococ-
cus aureus (MRSA) have caused outbreaks in hospital
related infections throughout the world, and the WHO
puts the international prevalence of nosocomial infec-
tions at 9%. Across the world, infectious disease is the
primary cause of death, accounting for approximately
one-half of all fatalities in tropical countries; infectious
disease mortality rates are all increasing in developing
countries and between 1981 and 1992, deaths froml. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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negative health trends obviously point out the need for
renewed interest and novel strategies for the prevention
and treatment of infectious diseases focused on the de-
velopment of new antimicrobials [3].
Antioxidants are substances that delay or inhibit oxida-
tive damage to a target molecule. Antioxidant molecules
react with single free radicals and can neutralize free radi-
cals by donating one of their own electrons, thereby end-
ing the carbon-stealing reaction. Antioxidants also act as
scavenger and so prevent cell and tissue damage and cells
provide defense against excessive free radicals by initiating
preventative and repair mechanisms, repair mechanisms
and physical and antioxidant defenses. A wide variety of
plant constituents have been shown to be free-radical
scavengers [4] a fact that has encouraged the work de-
scribed here, in which solvent extracts of the medicinal
herbs have been evaluated for both antimicrobial and anti-
oxidant activity [5,6]. Epaltes divaricata L. is a seasonal
medicinal plant occurs only during the month December,
not much explored for its bioactivities; very scanty work
has been carried out in the test plant Epaltes divaricata
(L.). Hence the present study, is taken up to investigate the
solvent extracts for antimicrobial, antioxidant, anti-




DPPH (1,1-diphenyl,2-picrylhydrazyl), NBT (nitro blue
tetrazolium), NADH (nicotinamide adenine dinucleotide
phosphate reduced), PMS (phenazine methosulphate),
TCA (trichloro acetic acid), ferric chloride and BHT
(butylated hydroxyl toluene) were obtained from Sigma
chemical co., USA. Ascorbic acid was obtained from SD
fine chem. Ltd., Biosar, India. b-Carotene, ferrozine,
folin– phenol reagent and Tween 40 were purchased
from Hi-Media Pvt. Ltd. Mumbai, India. All the other
chemicals were of analytical grade.
Collection of Epaltes divaricata L
Epaltes divaricata L. plants were collected on the banks of
Oragadam fresh water lake near Chennai, Tamil Nadu,
India. Epaltes divaricata L. was identified and authenti-
cated by Dr. J. Jeyajothi (Taxonomist), Department of
Plant Biology and Biotechnology, Loyola College, Chennai,
India. A voucher specimen (LCH-71) was deposited at the
Loyola College Herbarium (LCH) in Loyola College,
Chennai.
Preparation of plant extracts
Healthy, disease-free whole plants of Epaltes divaricata L.
were washed thoroughly, shade dried in room temperature
and grounded into a powder. The powder was sequentiallysoaked in hexane, ethyl acetate and methanol for 72 h
respectively with intermittent shaking [7]. After 72 h,
the solution was filtered and the filtrate was concentrated
under reduced pressure using a rotary vacuum evaporator;
the crude extracts were then collected and stored at 4°C in
an air tight container until further use.
Assessment of antimicrobial activity
Test organisms
The following bacterial cultures were used to test anti-
bacterial test- Staphylococcus aureus (MRSA), Staphylo-
coccus aureus (Methicillin sensitive), Eubacterium
lentum, Bacillus subtillis, Enterobacter aerogenes, Vibrio
fishcherii, Acinetoactor baumanii (ICMR), E.coli (ATCC
25922), Erwinia amylovora (MTCC 2760), Pseudomonas
fluorescence, Klebsiella pneumonia. The following fungal
cultures were used for antifungal test- Aspergillus flavus,
Botrytis cinerea, Curvularia lunata 46/01, Aspergillus
niger MTCC 1344, Trichophyton rubrum 57/01 and T.
mentagrophytes 66/01. All cultures were obtained from
IMTECH, Chandigarh, India and the clinical isolates
were obtained from the Department of Microbiology,
Christian Medical College, Vellore, Tamil Nadu, India.
Disc diffusion method
Antibacterial assay was carried out using disc diffusion
method [8]. Petri plates were prepared using 20 ml of
sterile MHA (Hi-media, Mumbai). The test culture
(100 μl of suspension containing 108 CFU/ml bacteria)
was swabbed on the surface of the solidified media and
allowed to dry for 10 minutes. Sterile discs (6 mm diam.)
were impregnated with 25 μl (2.5 mg) of hexane, ethyl
acetate and methanol extracts of the test plants. The
discs were then dried at 37°C in laminar air flow cham-
ber before use. Streptomycin (10 μg/disc) was used as a
positive control. Plates were incubated overnight at 37°C
for the measurement of zone of inhibition (in mm)
around the disc. All experiments were repeated in
triplicate.
Antifungal assays using broth micro dilution method
The filamentous fungi were grown on SDA slants at 28°C
for 7 days. The spores were collected using sterile double
distilled water and stored in refrigerator until used. Anti-
fungal activity was performed by following the method of
Rejiniemon et al. 2014 [9]. The extracts were dissolved in
water with 2% DMSO (concentration of the extract was
2 mg/ml). The initial test concentration was serially di-
luted two-fold in 96 well plate. Each well was inoculated
with 5 μl of suspension containing approximately 104
spore/ml. The antifungal agent, fluconazole was used as
positive control and MIC was determined as the lowest
extract concentration showing no visible fungal growth
after incubation time.
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antioxidant assays
α-glucosidase inhibition activity
In order to investigate the inhibitory activity of solvent ex-
tracts of the test plants, an in vitro α-glucosidase inhib-
ition test was performed. α-glucosidase is obtained from
yeast and is used extensively as a screening material for α-
glucosidase inhibitors. Since this assay does not always
correlate with results obtained using mammals, we used
mouse small-intestine homogenate as α-glucosidase solu-
tion in order to reflect better in vivo response. Enzyme in-
hibition was measured using a method slightly modified
version of the method of Dahlqvist [10]. After fasting a
mouse for 20 h, the small intestine was cut, rinsed with
ice-cold saline, and homogenized with 12 mL of maleate
buffer (100 mM, pH 6.0). The homogenate was then used
as the α-glucosidase solution. The assay mixture consisted
of 100 mM maleate buffer (pH 6.0), 2% (w/v) each sugar
substrate solution (100 μl), and the sample extract
(200–1000 μg /mL). Acarbose was used as standard for
α- glucosidase inhibitor. The mixture was pre-incubated
for 5 min at 37°C, and the reaction was initiated by adding
the crude α-glucosidase solution (50 μl) to it, followed by
incubation for 10 min at 37°C. The glucose released in the
reaction mixture was determined by GOD-POD method;
and absorbance was read at 505 nm. The rate of carbohy-
drate decomposition was calculated as a percentage ratio
relative to the amount of glucose obtained when the
carbohydrate was completely digested. The inhibition per-
centage was calculated using the following formula:
Inhibition %ð Þ
¼  amount of glucose produced by the positive controlð Þ
– amount of glucose produced by the addition of sampleð Þ
= amount of glucose produced by the positive controlð Þ
 100
Total phenolic content (TPC)
Total phenolic content was determined using the Folin–
Ciocalteau method [11] with some modifications. The
sample (0.1 ml of a 200–1000 μg/ml solution), 1.9 ml
distilled water and 1 ml of Folin–Ciocalteau’s reagent
were added in a tube, and then 1 ml of 100 g/L Na2CO3
was added. The reaction mixture was incubated at 25°C
for 2 h and the resultant absorbance of the mixture was
read at 765 nm. The sample was tested in triplicate and
a calibration curve with six data points for catechol was
obtained. The results were compared to a catechol cali-
bration curve and the total phenolic content of extracts
was expressed as mg of catechol equivalents per gram
of extract.Reducing power activity
The reducing power of extracts was determined accord-
ing to Yen and Duh [12]. A range of concentrations of
solvent crude extracts (200–1000 μg/mL) were mixed
with 2.5 ml of phosphate buffer (200 mM, pH 6.6) and
2.5 ml of 1% potassium ferricyanide. The mixtures were
incubated for 20 min at 50°C. After incubation, 2.5 ml of
10% trichloroacetic acid was added to each mixture
followed by centrifugation at 3000 rpm for 10 min. The
upper layer (5 ml) was mixed with 5 ml of distilled water
and 1 ml of 0.1% ferric chloride. The absorbance of the
resultant solution was measured at 700 nm and was
compared with standard BHT absorbance.
DPPH radical scavenging assay
DPPH quenching ability of solvent extracts of the test
plant were measured according to Hanato et al. [13]. A
methanol DPPH solution (0.15%) was mixed with serial
dilutions (200–1,000 μg/ml) of the test plant extracts
and the absorbance was read at 515 nm after 10 min.
The antiradical activity was expressed as IC50 (μg/ml)
(the antiradical dose required to cause a 50% inhibition).
Vitamin C was used as standard. The ability to scavenge
the DPPH radical was calculated by the following for-
mula: DPPH radical scavenging activity % = A0 ‐ A1/
A0 × 100 Formula 1.
Where A0 is the absorbance of the control at 30 min
and A1 is the absorbance of the sample at 30 min. All
samples were analyzed in triplicate.
Hydroxyl radical scavenging activity
The hydroxyl scavenging assay was performed as de-
scribed by the method of Elizabeth and Rao [14] with
minor changes. All solutions were prepared freshly. One
milliliter of the reaction mixture contained 100 μl of
28 mM 2-deoxy-2-ribose (dissolved in phosphate buffer,
pH 7.4), 500 μl solution of various concentrations of
solvent extracts of test plants (200–1000 μg/ml), 200 μl
of 200 μM FeCl3 and 1.04 mM EDTA (1:1 v/v), 100 μl
H2O2 (1 mM) and 100 μl ascorbic acid (1 mM). After an
incubation period of 1 h at 37°C the extent of deoxyri-
bose degradation was measured by the TBA reaction.
The absorbance was read at 532 nm against the blank
solution. Vitamin C was used as a positive control. The
scavenging activity was calculated using formula (1).
Nitric oxide scavenging activity
Sodium nitroprusside in an aqueous solution at physio-
logical pH spontaneously generates nitric oxide; it inter-
acts with oxygen to produce nitrite ions, which can be
estimated by the use of Griess Illosvoy reaction [15].
Here, Griess Illosvoy reagent was modified using
naphthyl ethylene diamine dihydrochloride (0.1% w/v)
instead of 1-naphthylamine (5%). The reaction mixture
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phosphate buffer saline (0.5 ml) and different concentra-
tion of solvent extracts of the test plants (200–1000 μg/
ml) or standard solution (0.5 ml) were incubated at 25°C
for 150 min. After incubation, 0.5 ml of the reaction
mixture containing nitrite was pipetted and mixed with
1 ml of sulphanilic acid reagent (0.33% in 20% glacial
acetic acid) and allowed to stand for 5 min for completing
diazotization. Then, 1 ml of naphthyl ethylene diamine
dihydrochloride (1%) was added, mixed and allowed to
stand for 30 min. A pink colored chromophore was
formed in diffused light. The absorbance of these solutions
was measured at 540 nm against the corresponding blank.
Ascorbic acid was used as standard. The scavenging activ-
ity was calculated using the formula (1).
Superoxide scavenging activity
Superoxide scavenging activity of solvent extracts from
the test plant was determined by monitoring the competi-
tion of those with NBT for the superoxide anion generated
by the PMS–NADH system [16]. Superoxide radicals were
generated in 1 ml of 20 mM Tris –HCl buffer (pH 8.0)
containing 0.05 mM nitroblue tetrazolium (NBT),
0.01 mM phenazine metho sulphate (PMS) and different
concentrations (200 – 1000 μg/ml) of extracts from test
plants and were preincubated for 2 min. The reaction was
initiated by the addition of 0.078 mM NADH. Blue
chromogen, formed due to NBT reduction was read at
560 nm. Results were expressed as percentage of inhib-
ition of superoxide radicals. Vitamin C was used as
positive control. The scavenging activity was calculated
using formula (1).
Lipid peroxidation assay
The inhibition effect of solvent extract made from the
test plant on lipid peroxidation was determined accord-
ing to the thiobarbituric acid method. FeCl2 – H2O2 was
used to induce the liver homogenate peroxidation [17].
In this method, 0.2 ml of extracts (200–1000 μg/ml) was
mixed with 1.0 ml of 1% liver homogenate (each 100 ml
homogenate solution contains 1.0 g rat liver), 50 μl of
FeCl2 (0.5 mM) and H2O2 (0.5 mM) were added. The
mixture was incubated at 37°C for 60 min, then 1.0 ml
of trichloroacetic acid (15%) and thiobarbituric acid
(0.67%) was added and the mixture was heated up in
boiling water for 15 min. The absorbance was recorded
at 532 nm. Ascorbic acid was used as the positive con-
trol. The percentage of inhibition effect was calculated
according to formula (1).
Antioxidant activity using β-carotene linoleate model
system
The antioxidant activity of solvent extracts of the test
plant were evaluated by β -carotene linoleate model [17].A solution of β-carotene was prepared by dissolving 2 mg
of β -carotene in 10 ml of chloroform. This solution (2 ml)
was pipetted out into a 100 ml round-bottom flask. After
the removal of chloroform under vacuum, 40 mg of puri-
fied linoleic acid, 400 mg of Tween 40 emulsifier and
100 ml of aerated distilled water were added to the flask
with vigorous shaking. Aliquots (4.8 ml) of this emulsion
were transferred into different test tubes containing differ-
ent concentrations of the extracts (200–1000 μg/ml). As
soon as the emulsion was added to each tube, the zero
time absorbance was measured at 470 nm. The tubes were
then placed at 50°C in a water bath. Measurement of ab-
sorbance was continued until the colour of β -carotene
disappeared; a blank devoid of β -carotene, was prepared
for background subtraction. BHA was used as positive
control. Antioxidant activity (AA) was calculated using the
following equation; AA = (β-carotene content after 2 h of
assay/initial β-carotene content) ×100.GC –MS analysis
GC-MS analysis of the ethyl acetate extracts found to be
better than other solvents of Epaltes divaricata L. was
performed using a perkin Elmer GC clarus 500 system
comprising AOC-20i auto-sampler and a Gas chromato-
graph interfaced to a Mass spectrometer (GC-MS)
equipped with a Elite-5MS (5% Diphenyl/95% Dimethyl
Poly Siloxane) fused capillary column (30 × 0.25 μm
1D × 0.25 μm dF). For GC-MS detection, an electron
ionization system was operated in electron impact mode
with ionization system operated in electron impact mode
with ionization energy of 70ev. Helium gas (99.999%)
was used as carrier gas at a constant flow rate of 1 ml/
min, and an injection volume of 2 μl was employed (split
ratio of 10:1). The relative percentage amount of each
component was calculated by comparing its average
peak area to the total areas. The mass detector used in
this analysis was Turbo-Mass Gold-Perkin Elmer and
the software adopted to handle mass spectra and chro-
matograms was a Turbo-Mass ver 5.2. GC-MS was
conducted using the database of central electrochem-
ical research institute characterization and measure-
ment laboratory having more than 62,000 patterns. The
spectrum of the unknown components was compared
with the spectrum of known components stored in the
data bank, Central Electrochemical Research Institute
Characterization and Sargam metals, Chennai, India.Statistical analysis
The data were analyzed and expressed as means ± SD.
The IC50 values were calculated from linear regression
analysis. Results were processed using Microsoft Excel
(2007).
Table 1 Antibacterial activities of crude extracts of Epaltes divaricata L. values are the average of three different
experiments measuring the zone of inhibition (mm)
Name of the pathogen Antibactrerial activity (mg/ml) Standard
Zone of inhibition (mm)
Hexane Ethyl acetate Methanol
Staphylococcus aureus 9 14 15 26
Staphylococcus aureus (Methicillin sensitive) - - - 13
Eubacterium lentum 10 23 19 28
Bacillus subtillis - 12 13 14
Enterobacter aerogenes 8 18 13 22
Vibrio fishcherii - 14 15 19
Acinetobactor baumanii (ICMR) - 15 16 21
E.coli (ATCC 25922) - 11 10 17
Erwinia amylovora (MTCC 2760) - 10 - 16
Psuedomonous fluorescence 10 15 16 20
Klebsiella pneumonia - - - 16
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Antibacterial activity of Epaltes divaricata
The results of antimicrobial activity of ethanolic extract
of Epaltes divaricata L. against various human patho-
gens are listed in the Table 1. The effect of EDEa ex-
tracts against various microbes and their biopotency
were qualitatively and quantitatively assessed by deter-
mining the presence or absence of inhibition zones and
zone diameters. Ethyl acetate extracts of the test plants
were screened against reference cultures and clinical iso-
lates. Zones of inhibition of the crude extracts were
noted. The results showed that the ethyl acetate extract
of Epaltes divaricata L. dose inhibits the growth of both
bacteria (1.25 μg/disc) and fungi (least 31.5 μg/μl). Of
the three different solvent (hexane, ethyl acetate and
methanol) extracts tested for antimicrobial activity
against the ATCC and MTCC reference cultures, most
of the gram positive and gram negative bacteria were
inhibited at different levels. With reference to gram
positive bacteria tested, Staphylococcus aureus (MRSA)
(13–15 mm) and Eubacterium lentum (19-23 mm)
(Table 1) were affected by all the solvent extracts of test
plant. Higher activity was found in ethyl acetateTable 2 Antifungal activities of crude extracts of Epaltes divar
experiments measuring the μg/ml
S.No Tested fungi Hexane (μg/ml)
1 Curvularia lunata 46/01 250
2 T. rubrum 57/01 250
3 T. mentagrophytes 66/01 250
4 Botrytis cinerea 250
5 Aspergillus flavus 250
6 Aspergillus niger MTCC 1344 250
Fl : Fluconazole, an antifungal agent.extracts followed by methanol and least activity found
in hexane extracts. With reference to gram negative
bacteria, with exception of Klebsiella pneumoniae
(ATCC 15380) all the tested bacteria were affected sig-
nificantly by all the solvent systems used for the plant
studied. Enterobacter aerogenes (MTCC111), Aceneto-
bacter baumanii (ICMR) and Psuedomonas fluorescence
were affected significantly by all the solvent extracts of
the tested plant. Erwinia amylovora (MTCC 2760) af-
fected differently using different solvents of the test
plant. Moderate activity was found against Vibrio fish-
cherii and E.coli in all tests.
Antifungal activity of Epaltes divaricata L.
Assay of the antifungal activity of the different solvents
(ethyl acetate, methanol and hexane) extracts of medi-
cinal plant Epaltes divaricata L. was carried out using
micro broth dilution method. The MIC was significantly
lower in ethyl acetate extracts that inhibits A. flavus
(31.25 μg/ml), A. niger, T. rubrum (62.5 μg/ml) followed
by methanol extracts (125 μg/ml). Hexane extracts of
this plant requires more or less higher concentration of
extract to inhibit the test fungus (Table 2).icata L values are the average of three different







Table 3 α-Glucosidase inhibiton of extracts of Epaltes
divaricata L.
Sample Concentration (μg/ml) % of Inhibition IC50 (μg /ml)




















Figure 2 Reductive ability of different concentrations (200–1000
μ/ml) of Epaltes divericata L. hexane, ethyl acetate, methanol
extracts and BHT. Each value represents the mean ± SEM of
triplicate experiments.
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α-Glucosidase inhibition
The results for α-glucosidase inhibition assay of EDEa
extract and acarbose are shown in Table 1. The concen-
tration for 50% inhibition of ethyl acetate and acarbose
was found to be 624.15 ± 2.37 and 260.32 ± 1.23 μg/ml
respectively. The hexane and ethyl acetate extracts
showed less inhibition compared to methanol extract
(Table 3).Figure 1 Total phenolic content effect of different concentrations
(200–1000 μg/ml) of Epaltes divericata L. hexane, ethyl acetate,
methanol extracts and vitamin C. Each value represents the mean ±
SEM of triplicate experiments.Total phenolic content
The total phenolic content of EDEa and catechol were
found to be 412.0 ± 2.21 and 365.12 ± 2.23 μg/ml re-
spectively (Figure 1).
Reducing power
Reductive capabilities of hexane, ethyl acetate and metha-
nol extracts of E. divaricata L. compared the standard
butylate dhydroxy toluene. The reducing power of EDEa
was markedly more potent than the hexane and ethyl acet-
ate extracts. The activity of the extract increased with in-
creasing quantity of sample. Although the effect was less
than the standard butylated hydroxytoluene (BHT), the
plant extract was active in reducing Fe3+ ions (Figure 2).
DPPH radical scavenging activity
EDEa exhibited a significant dose dependent inhibition
of DPPH activity exhibiting 50% inhibition (IC50) at a
concentration of 560 ± 2.02 μg/ml. The results are pre-
sented in Figure 3. The IC50 value of vitamin C was
465.1 ± 2.15 μg/ml.
Hydroxyl radical scavenging assay
To attack the substrate deoxyribose hydroxyl radicals were
generated by reaction of ferric-EDTA together with H2O2
and ascorbic acid. The results for hydroxyl scavengingFigure 3 DPPH scavenging effect of different concentrations
(200–1000 μg/ml) of Epaltes divericata L. hexane, ethyl acetate,
methanol extracts and vitamin C. Each value represents the mean ±
SEM of triplicate experiments.
Figure 4 Hydroxyl radical scavenging effect of different
concentrations (200–1000 μg/ml) of Epaltes divericata L.
hexane, ethyl acetate, methanol extracts and vitamin C. Each
value represents the mean ± SEM of triplicate experiments.
Figure 6 Superoxide scavenging effect of different
concentrations (200–1000 μg/ml) of Epaltes divericata L.
hexane, ethyl acetate, methanol extracts and vitamin C.
Eachvalue represents the mean ± SEM of triplicate experiments.
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tions for 50% inhibition were found to 314.75 ± 2.56 used
with ethyl acetate extract and vitamin C. Hexane and
methanol extracts showed less effect.Nitric oxide radical inhibition assay
The scavenging of nitric oxide by EDEa was increased in
a dose-dependent manner as shown in Figure 5. At a
concentration of 648.20 ± 2.09 μg/ml of extract 50% of
nitric oxide generated during incubation was scavenged.
The IC50 value of vitamin C was 505.12 ± 1.98 μg/ml.Superoxide scavenging activity
The superoxide anion derived from dissolved oxygen by
phenazine methosulphate/NADH coupling reaction re-
duces nitro blue tetrazolium. The decrease in absorbance
at 560 nm with the plant extract thus indicates the con-
sumption of superoxide anion in the reaction mixture. As
mentioned in Figure 6, the ethyl acetate extract as well as
vitamin C showed scavenging activity; IC50 values were
361.14 ± 1.45 μg/ml and 200.08 ± 2.51 μg/ml respectively,
whereas hexane and methanol extracts there was no sig-
nificant scavenging activity.Figure 5 Nitric oxide scavenging effect of different concentrations
(200–1000 μg/ml) of Epaltes divericata L. hexane, ethyl acetate,
methanol extracts and vitamin C. Each value represents the mean ±
SEM of triplicate experiments.Lipid peroxidation assay
Activity of extracts on lipid peroxidation is shown in
Figure 7. Addition of Fe2+/ascorbate to the liver micro-
somes cause increase in lipid peroxidation. EDEa extracts
showed inhibition of peroxidation effect at all concentra-
tions compared to hexane and methanol, which showed
50% inhibition effect at 703.32 ± 2.00 μg/ml. The IC50
value of vitamin C was 621.35 ± 1.88 μg/ml.
Antioxidant using a β-carotene linoleate model system
In the β-carotene linoleate system, β-carotene undergoes
rapid discolouration in the absence of antioxidants. The
addition of extracts to this system prevented the bleach-
ing of β-carotene at different degrees. Epaltes divaricata
L hindered the extent of β-carotene bleaching on a dose
dependent manner for both hexane and ethyl acetate
extracts. Based on 120 min reaction time (Figure 8), the
ethyl acetate extract showed 50% inhibition at 320.10 ±
1.04 μg/ml and the value for BHA was 173.12 ±
2.28 μg/ml.
GC-MS profiles of Epaltes divaricata (L.)
From the activity results it was observed that the
antioxidant and antimicrobial activity of the Epaltes
divaricata L. was comparatively more in the ethylFigure 7 Lipid peroxidation effect of different concentrations
(200–1000 μg/ml) of Epaltes divericata L. hexane, ethyl acetate,
methanol extracts and vitamin C. Each value represents the mean
± SEM of triplicate experiments.
Figure 8 Antioxidant activity of different concentrations
(200–1000 μg/ml) of Epaltes divericata L. hexane, ethyl acetate,
methanol extracts and vitamin C in the b carotene bleaching
assay and butylated hydroxyl anisole (BHA). Each value
represents the mean ± SEM of triplicate experiments.
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acetate extracts of the test plants clearly showed the
presence of diverse molecules. In Epaltes divaricata
L. a total of 21 compounds were detected, out of
which the maximum area was found 2-Butenamide,
N-(4-fluorophenyl)—methyltrans cinnamyl tiglate silane,
trichlorocyclohexyl silane (Table 4) with a value of 38.86%
(Figure 9).Figure 9 GC – MS Chromatogram of Ethyl acetate extracts of EpaltesDiscussion
A number of researchers have commented on the Indian
medicinal plants, [18-21]. They used a variety of solvents
and have come to different conclusion, although they all
agree that the phytoconstituents present in the plants,
namely flavonoids, alkaloids tannins and triterpenoids
provide exciting opportunities for the expansion of mod-
ern chemotherapies against a wide range of microorgan-
isms [22]. In our in vitro studies, EDEa was shown to
exhibit substantial inhibition of α-glucosidase and able
to adsorb and neutralize free radicals, quenching singlet
and triplet oxygen and decomposing peroxides. The in-
creased antioxidant activity of the extracts Epaltes divar-
icata (L.) extracts appears to be due to the presence of
phenolics. We suggest that Epaltes divaricata (L.) could
potentially be used in the treatment of postprandial
hyperglycemia. Based on the results of DPPH-radical
assay, the ethyl acetate extracts of Epaltes divaricata (L.)
exhibited a significant inhibitory activity against DPPH
radical, whereas the ethyl acetae extract was found to
have much less effect on free radical inhibition.
Plants contain many novel compounds with medicinal
values which need further scientific evaluation. Freedivericata L.
Table 4 Activity of Phytocomponents identified in the ethyl acetate extracts of Epaltes divaricata L. (GC-MS Study)




1 Neryl (S)-2-methylbutanoate 2,6-Octadien-1-ol, 3,7-dimethyl-, acetate, (Z)- Pentanoic acid, 3,7-dimethyl-2,6-ctadienyl
ester, (E)
14.12 2.10
2 2-Cyclohexen-1-one, 4-hydroxy-3,5, 5-trimethyl-4-(3-oxo-1-butenyl)- Phenol, 4-methoxy-, acetate 5-Ethylcyclopent-1-
enecarboxaldehyde
16.21 0.82
3 1,1′-Bicyclopentyl 3,4-Octadiene, 7-methyl Santolina epoxide 16.69 1.75
4 n-Hexadecanoic acid 17.91 8.17
5 Hexadecanoic acid, ethyl ester Octanoic acid, ethyl ester 18.26 0.57
6 Phytol 1-(3-Isobutyryl-bicyclo [1.1.1] pent −1-yl)-2-methylpropan-1-one 7-Oxabicyclo [4.1.0] heptane, 1,5-di methyl 19.36 0.63
7 9,12-Octadecadienoic acid (Z,Z) 19.54 2.63
8 9,12-Octadecadienoic acid (Z,Z) Cyclododecyne 9,12,15-Octadecatrienoic acid, (Z, Z,Z) 19.59 4.52
9 9,12-Octadecadienoic acid, ethyl ester 1,3,12-Nonadecatriene 9,17-Octadecadienal, (Z 19.81 1.19
10 Methanone, dicyclohexyl 1,2,4-Triazole, 5-cyclohexanecarbo xamido- 1-Propanone, 1-cyclohexyl 20.00 2.44
11 Tricyclo [4.3.1.1(3,8)] undecane-1-c arboxylic acid o-Anisaldehyde, semicarbazone Acetamide,
N-[2-(4-methylphenoxy) ethyl
21.51 0.86
12 Isocitronellol 2-Hexene, 4,4,5-trimethyl Cyclohexane, bromo 21.56 1.17
13 Spiro [2,4,5,6,7,7a-hexahydro-2-oxo −4,4,7a-trimethylbenzofuran]- 7,2′-(oxirane) Neoclovene oxide Benzyl isobutyl
ketone
21.64 1.20
14 2-Butenamide, N-(4-fluorophenyl)–methyltrans Cinnamyl tiglate Silane, trichlorocyclohexyl Silane 22.02 38.86
15 Lycorenan-7-one, 4,12-dihydro-5-hy droxy-1-methyl-9,10- [methylenebis(oxy)], (5.alpha.,12.beta.)-Furazan,
3- (dimethylaminomethylena mino)-4-(1,2,4-triazol-3-yl)- (E)-2-Isopropyl-5-methylphenyl 2-m ethylbut-2-enoate
22.09 2.11
16 Ar-tumerone 2-Butenamide, N-(4-fluorophenyl)–methyl- Methanone, dicyclohexyl 22.43 4.48
17 4,6-Dimethoxy-1-naphthaldehyde Benzofuro [3,2-d] pyrimidin-4(3H)-on e, 8-methoxy- 2-Pyrazolin-5-one,
4-acetyl-3-methyl-1-phenyl
22.76 6.90
18 Imidazole, 2-acetamido- 3-Ethyl-5-methyl-1-heptyn-3-ol 2-Butenoic acid, 2-methyl-, 2-prop enyl ester, (E) 22.83 3.51
19 Eicosane 2-methyltetracosane 24.20 0.30
20 Squalene 25.03 6.40
21 Stigmasterol 2-Pyridinamine, N-(4,5-dihydro-5-m ethyl-2-thiazolyl)-3-methyl 28.53 9.37
These “bold numbers” are the part of the IUPAC name of the particular compounds. The letters are written based on the functional group confirmation of the
particular compound.
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of oxygen during cell growth. Free radicals cause decrease
in membrane fluidity, loss of enzyme receptor activity and
damage to membrane protein leading to death [23]. These
free radicals are involved in different disorders like aging,
cancer, cardiovascular disease, diabetes, rheumatoid arth-
ritis, epilepsy, as well as in the degradation of essential
fatty acids; antioxidants helps in eluviation of the above
disorders. Since the methanol extract of this plant showed
the dose dependent antioxidant activity comparable to
ascorbic acid, antioxidant agent might be developed from
this plant for the treatment of above mentioned disorders
associated with free radicals. Phenolic compounds con-
taining free hydrogen have been shown to be largely
responsible for antioxidant activity [24], as a result, the
phenolic compounds of EDEa may be responsible for
the plant’s antioxidant activity.
In general, higher concentrations of natural anti-
microbial substances are required to inhibit bacteria innutrient agar than in nutrient broth [25,26]. The anti-
microbial activity was previously reported for other
genus of V. blumeoides using 50 and 500 mg/L concen-
trations. Gram negative bacteria appear to be the least
sensitive to the action of many other plant extracts and
tested compounds [27]. In our study the ethyl extract of
Epaltes divaricata (L.) exhibits significant activity against
gram-positive bacteria similar to previous reports. The
MIC of 125 μg /ml was showed against Curvularia lunata
and T. mentagrophytes in order to determine antifungal
activity.
Additionally the toxicity of some of the extracts/active
ingredients was tested in a range of animal system which
revealed that most of them had diverse side effects and
toxic doses varied greatly [28-30]. One hundred and
twenty one clinically useful prescription drugs have been
derived from plants [31]. Surveys of plant medicinal
usage by the American public have indicated an increase
from 3% of population in 1991 to 37% in Brevoort [32].
Glorybai et al. Annals of Clinical Microbiology and Antimicrobials  (2015) 14:18 Page 10 of 11Plants will continue to provide novel products as well as
chemical models for new drugs in the future since the
chemistry of the active extract from the majority of plant
species has yet to be characterized. Compounds isolated
from various plants and used for antimicrobial activity
was well documented [33].
In general, phenolics and organic acids originating
from plant materials are microbial decomposition prod-
ucts that accumulate in forest soil [34,35]. The antifun-
gal activity exerted by phenolics and organic acids
together may act on some microorganisms. Candida
albicans can colonize or infect virtually all body sites
because of its high adoptability to different post niches
by the activation of appropriate sets of genes in response
to complex environmental signals [36]. Kope and Fortin
[37] reported that frequent morphological changes
caused by antagonism were hyphal branching, bulging
and swelling of cells, increase in septation and lysis.
Trichophyton rubrum is the main agent isolated in
superficial mycosis in Brazil, corresponding to almost
60% of all clinical cases [38]. Recently, Candida species
associated candidemia have shifted from Candida
albicans to non-albicans. The antifungal activity of M.
urundeuva heartwood was detected using only 50 μg of
lectin, a quantity much lower than 225 μg determined
for a chitin binding lectin isolated from Artocarpus
species on Fussarium moniliforme [39], revealing the
high ability of heartwood lectin to inhibit fungal growth.
The antifungal activity of lectins have been related to
interfere with spore germination, probably very initial
stage of process extending the latent period that
precedes germination [40].
The solvent extracts of the test plants exhibited a
range of antibacterial activity and may therefore prove
promising in relation to the development of new antibi-
otics. Phytochemicals like phenolics can cause mem-
brane disruption, form complex with cell wall, inactivate
enzymes and cause substrate deprivation [41], and the in
ingestion of carbohydrate rich diet causes elevation in
blood glucose level by the rapid absorption of carbohy-
drates in the intestine aided by the action of glycoside
hydrolases which breaks complex carbohydrates into
absorbable monosaccharides. Thus use of glycosidase
inhibitor such as α-glucosidase inhibitors would be a
prospective therapeutic agent for the effective man-
agement of diabetes. α-Glucosidase inhibitors inhibit
disaccharide digestion and impedes the postprandial
glucose excursion to enable overall smooth glucose
profile. Several α-glucosidase inhibitors have been
isolated from medicinal plants for evaluation as an
alternative drug with increased potency and lesser
adverse effects than the existing drugs [42]. Epaltes
divaricata shows a promising candidate by showing
increased antimicrobial, α- glucosidase inhibition andantioxidant activity. The active extracts of ethyl acetate
showed 2-Butenamide, N-(4-fluorophenyl)–methyltrans
Cinnamyl tiglate Silane, trichlorocyclohexyl Silane and its
derivatives would be a good candidate for eradication of
human disease.
Conclusion
To our knowledge, the present report is the novel inves-
tigation which demonstrated the effect of plant derived
non-antibiotic compound directed against 10 bacteria
and 7 fungi tested. The results indicate that phenolic
and other related compounds are responsible for inhib-
ition of microbes and antioxidants. 2-Butenamide, N-
(4-fluorophenyl)–methyltrans Cinnamyl tiglate Silane,
trichlorocyclohexyl Silane compounds revealed under
GC-MS would be responsible for above mentioned bio-
activity. These results are potentially relevant to the search
for novel antimicrobials and antidiabetics.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
LGA, BKK and MVA carried out the experimental part of the manuscript. LGA,
BKK and MVA analyzed the antimicrobial and cytotoxicity assays. LGA, BKK,
MVA, NAA-D and PA participated in its design and coordination and helped
to draft the manuscript. All authors read and approved the final manuscript.
Acknowledgments
This project was supported by King Saud University, Deanship of Scientific
Research, Addiriyah Chair for Environmental Studies.
Author details
1Department of Botany, N.K.R. Govt. Arts College (W), Namakkal 637 001,
India. 2Department of Plant Biology and Biotechnology, Loyola College,
Chennai 600034, India. 3Department of Botany and Microbiology, Addiriyah
Chair for Environmental Studies, College of Science, King Saud University,
Riyadh 11451, Saudi Arabia.
Received: 7 January 2015 Accepted: 5 March 2015
References
1. Chah KF, Eze CA, Emuelosi CE, Esimone CO. Antibacterial and wound
healing properties of methanolic extracts of some Nigerian medicinal
plants. J Ethnopharmacol. 2006;104:164–7.
2. Pinner R, Teutsch S, Simonsen L, Klug L, Graber J, Clarke M, et al. Trends in
infectious diseases mortality in the United States. J Am Med Inform Assoc.
1996;275:189–93.
3. Fauci AS. New and reemerging diseases: the importance of biomedical
research. Emerg Infect Dis. 1998;4:374–8.
4. Harris ED. Regulation of antioxidant enzymes. J Nutr. 1992;122:625–6.
5. Gulcin I. Antioxidant activity of food constituents: an overview. Arch Toxicol.
2012;86(3):345–91.
6. Sunil C, Ignacimuthu S, Agastian P. Antidiabetic effect of Symplocos
cochinchinensis (Lour.) S. Moore in type 2 diabetic rats. J Ethnopharmacol.
2011;134:298–304.
7. Nimal Christhudas IVS, Praveen Kumar P, Sunil C, Vajravijayan S, Lakshmi
Sundaram R, Jenifer Siril S, et al. In vitro studies on α-glucosidase inhibition,
antioxidant and free radical scavenging activities of Hedyotis biflora L. Food
Chem. 2013;138:1689–95.
8. Murray PR, Baron EJ, Pfaller MA, Tenover FC, Yolke RH. Manual of Clinical
Microbiology. 6th ed. 1995.
9. Rejiniemon TS, Arasu MV, Duraipandiyan V, Ponmurugan K, Al-Dhabi NA,
Arokiyaraj S, et al. In-vitro antimicrobial, antibiofilm, cytotoxic, antifeedant
Glorybai et al. Annals of Clinical Microbiology and Antimicrobials  (2015) 14:18 Page 11 of 11and larvicidal properties of novel quinone isolated from Aegle marmelos
(Linn.) Correa. Ann Clin Microbiol Antimicro. 2014;13:48.
10. Dahlqvist A. Method for assay of intestinal disaccharidases. Anal Chem.
1964;7:18–25.
11. Slinkard K, Singleton VL. Total phenol analyses: automation and comparison
with manual methods. J Enol Vitic. 1977;28:49–55.
12. Yen GC, Hsieh CL. Antioxidant activity of extracts from Du-zhong
(Eucommiaurmoides) towards various peroxidation models in vitro.
J Agric Food Chem. 1998;46:3952–7.
13. Hanato T, Kagawa H, Yasuhara T, Okuda T. Two new flavonoids and other
constituents in licorice root: their relative astringency and radical
scavenging effects. Chem Pharm Bull. 1988;36:2090–7.
14. Elizabeth K, Rao MNA. Oxygen scavenging activity of curcumin. Int J Phytorem.
1990;58:237–40.
15. Garratt DC. The Quantitative Analysis of Drugs, vol. 3. Tokyo: Chapman and
Hall; 1964. p. 456–8.
16. Liu F, Ooi VEC, Chang ST. Free radical scavenging activities of mushroom
polysaccharide extracts. Life Sci. 1997;60(10):763–71.
17. Yen GC, Duh PD. Antioxidative properties of methanolic extracts from
peanut hulls. J Am Soc. 1993;70:383–6.
18. Singh RP, Chidambara Murthy KN, Jayaprakasha GK. Studies on the
antioxidant activity of pomegranate (Punica granatum) peel and seed
extracts using in vitro models. J Agric Food Chem. 2002;50:81–6.
19. Perumal Samy R, Ignacimuthu S, Patric Raja D. Preliminary screening of
ethnomedicinal plants from India. J Ethnopharmacol. 1999;66:235–40.
20. Jeevan RA, Bhakshu LM, Raju RRV. In vitro antimicrobial activity of
certain medicinal plants from Eastern Ghats, India, used for skin
diseases. J Ethnopharmacol. 2004;90:353–7.
21. Olaleye MT. Cytotoxicity and Antibacterial Activity of Methanolic extract of
Hibiscus sabdariffa. J Med Plants Res. 2007;1:009–13.
22. Igile GO, Oleszek W, Burda S, Jurzysta M. Nutritional assessment of Vernonia
amygdalina leaves in growing mice. J Agr Food Chem. 1995;43:2162–6.
23. Matsui Y, Takagi H, Qu X, Abdellatif M, Sakoda H, Asano T, et al. Distinct
roles of autophagy in the heart during ischemia and reperfusion: roles of
AMP-activated protein kinase and Beclin 1 in mediating autophagy. Circ
Res. 2007;100:914–22.
24. Evans RCA, Miller NJ, Paganga G. Antioxidant properties of phenolic
compounds. Trends Plant Sci. 1997;2(14):152.
25. Ibrahim G, Odunze UO, Muhammad A. Phytochemical and antimicrobial
studies on vernonia blumeoides hook. fil. (Asteraceae) ethanol extract. Nig J
Pharm Sci. 2011;10(1):50–6.
26. Seydim AC, Sarikus G. Antimicrobial activity of whey protein based edible
films incorporated with oregano, rosemary and garlic essential oils. Food
Res Int. 2006;39:639–44.
27. Boukamcha H, Ben Jannet H, Chriaa J, Mighri Z. Etude biologique et
chimique de la plante Cardopatium amethystinum pous-sant en Tunisie.
Structures de deux derivés benzaldehydiques. Identification de constituants
de bands apolaires par CPG/S.M. J Soc Algérienne Chim. 2004;14:65–78.
28. Fernando R, Fernando DN. Poisoning with plants and mushrooms in Sri
Lanka: a retrospective hospital based study. Vet Hum Toxicol.
1990;32:579–81.
29. Vanhaelen M, Vanhaelen-Fastre R. Quantitative determination of biologically
active constituents in crude extracts of medicinal plants by thin-layer
chromatography –densitometry. J Chromatogr Sci. 1984;312:497–503.
30. Lutterodt GD, Ismail A, Basheer RH, Baharudin HM. Antimicrobial effects of
Psidium guajava extracts as one mechanism of its antidiarrhoeal action.
Malays J Med Sci. 1999;6:17–20.
31. Payne G, Bringi V, Prince C, Shuller M. The quest for commercial production
of chemicals from plant cell culture, Plant Cell and Tissue Culture in Liquid
Systems. Munich: Hanser; 1991. p. 145–76.
32. Brevoort P. The blooming U.S. botanical market: a new overview, vol. 44.
Austin: Herbalgram; 1998. p. 33–46.
33. Cowan MM. Plant products as antimicrobial Agents. Clin Microbiol Rev.
1999;12:564–82.
34. Flaig W. Organic compounds in soil. Soil Sci. 1971;111:19–33.
35. Rice EL. Allelopathy. 2nd ed. London: Academic; 1984.
36. Manohar V, Talpur NA, Echard BW. Effects of a water-soluble extract of
maitake mushroom on circulating glucose/insulin concentrations in KK
mice. Diab Obesit Metab. 2002;4:43–8.
37. Kope HH, Fortin JA. Inhibition of phytopathogenic fungi in vitro by cell free
culture media of ectomycorrhizal fungi. New Phytol. 1989;113:57–63.38. Esquenazi D, Alviano CS, DeSouza W, Rozental S. The influence of surface
carbohydrates during in vitro infection of mammalian cells by the
dermatophyte Trichophyton rubrum. Res Microbiol. 2004;155:144–53.
39. Trindade MB, Lopes JL, Soares-Costa A, Monteiro-Moreira AC, Moreira
RA, Oliva ML, et al. Structural characterization of novel chitin-binding
lectins from the genus Artocarpus and their antifungal activity. BBA.
2006;1764:146–52.
40. Lis H, Sharon N. Lectins: Carbohydrate-Spe- cific proteins that mediate
cellular recognition. Chem Rev. 1998;98:637–74.
41. King SR, Tempesta MS. From shaman to human clinical trials: the role of
industry in ethnobotany, conservation and community reciprocity. Ciba
Found Symp. 1994;185:197–206.
42. Matsuda Y, Kawata S, Nagase T, Maeda Y, Yamasaki E, Kiso S, et al.
Interleukin-6 in transcatheter arterial embolization for patients with
hepatocellular carcinoma. Effects of serine protease inhibitor. Cancer.
1994;1:53–7.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
